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A MODEL STUDY FOR THE SYNTHESIS OF THE HEXAHYDROBENZOFURAN FRAGMENT
OF THE MILBEMYCINS AND AVERMECTINS.
Alan P. Kozikowski® and Keith E. MaloneyHuss
University of Pittsburgh, Department of Chemistry, Pittsburgh, Pennsylvania 15260

Summary: An INOC based approach to the hexahydrobenzofuran portion of the milbemycins and the
avermectins is described in which a high level of n-facial selectivity has been observed in a six-

membered ring forming reaction.

The milbemycins are a structurally intriguing class of macrolide antibiotics produced in

sutmerged cultures of Streptamyces hygroscopicus subsp. aureolacrimosus. These compounds are

active against acarus, harmful agricultural and horticultural insects such as aphids and larvae of

insects of the order Lepidoptera. Thirteen milbemycins have been isolated from this species of

Streptcmyces.l

While two total syntheses of milbemycin gy have been lfeported,2 no total synthesis has yet

been published of any of the more complex members of this family. Several reports3

on the
preparation of the spiroketal portions of these more complex milbemycins (and the structurally
related campounds, the avermectins4) have, however, appeared. Additionally, one approach to the
unusual hexahydrobenzofuran fragment of the avermectins which utilizes nitrile oxide chemistry has

been published K
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In this Letter we disclose an approach to the hexahydrobenzofuran fragment which also makes
use of the INOC reaction and which starts from optically active glyceraldehyde acetonide. While
the S isamer of the aldehyde is required for the preparation of this fragment of correct absolute

stereochemistry, our preliminary studies were nonetheless carried cut with the R isomer because of
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its greater accessibility.6

First, a condensation reaction was carried out between the sulfone stabilized anion of 2/ and
the aldehyde 1. While a mixture of diastereomers resulted, the stereochemistry of .the new
hydroxyl bearing center was found (vide infra) to correspond primarily to addition via a Felkin-
like transition state8 (3ar3b : 3c+t3d = 16:1).

This mixture of products was O-methylated, and transformed to the oximes 5. An INOC
cyclization was then brought about by treating these oximes with sodium hypochlorite. The
resulting isoxazolines could be separated readily, and the two major products 6a and 6b
crystallized for X-ray analysis. These X-ray structures revealed the stereochemistry of Cg
relative to Cg+ thus confirming the Felkin-like nature of the original condensation reaction.
Moreover, the X-ray structures in combination with a close examination of molecular models
suggested that the INOC reaction must proceed through a chair-like transition state A with the
sterically demanding phenyl sulfone group assuming the pseudo-equatorial position.9 Attack on the
other m-face of the olefin would require reaction through a higher energy chair-like transition
state B with the sulfone group occupying an axial position (or alternatively a boat-1like
transition state C with the bulky sulfone group eguatorial). The two minor isomers 6c and 6d
formed in this reaction presumably reflect the small amount of anti-Felkin product generated in
the initial sulfone condensation. Some spectral evidence for these latter assigmments derives
from an analysis of the Hg-Hg coupling constants (3 Hz for 6c and 9.5 Hz for 6d). The
stereochemistry present in the starting oxime at C4 thus effectively controls the stereochemical

outcome at C, in the course of the nitrile oxide cycloaddition reaction.
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Possible Transition States for One of the Diastereomers of g

MoMO OM2 e

A, ghair, sulfone equatorial or B, chair, sulfone axiol or C, boat, sulfone eq.

To append the tetrahydrofuran ring to 6a, the MOM group was removed and replaced by a 2-
bromo-2- propenyl group. The isoxazoline ring was now cleaved using Torsell's conditions (Ti+3,
MeOH, H,0) ,10 and the newly freed alcchol was protected by silylation. Conditions devised by
Corey during his gibberellic aciall work served to complete our model study, for on simply
exposing 8 to di-n-butylcopper lithium, the desired reduced furan ring system 9 was generated.
The stereochemistry of the tertiary alcohol center must be as drawn, for the chain tethered
nucleophile occupies an axial position, and it is thus incapable of attacking the other face of
the carbonyl group. The use of isamer 6b in this same scheme should also give rise to a product
possessing the desired stereochemistry at G due to the well known tendency of such small ring
forming processes to lead to cis-fused products.l2 A3

while the phenylsulfonyl group could potentially be used to install the required degree of
unsaturation into 9, we have made few experiments in this direction. The information garnered
during this model study has led us to consider a modified scheme in which a 1,3-diene rather than
an alkene is employed in the INOC reaction so that the required degree of unsaturation is present

at the start of the synthesis.
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The present study does reveal the possibility of achieving high levels of diastereoselection

in six-membered ring forming INOC reactions. The principles of acyclic stereoselection can thus

be melded with dipolar cycloaddition chemistry to provide cyclic structures of high stereochemical

purity.

Acknowledgements. We are indebted to the National Institute of Health for their support of these

studies. We thankDr.J. Abola and Mr, J. Mandell for the X-ray structure determinations which
were carried out on the NIH supported (Grant 1 SLO RR0O2381-01) X-ray facility of the University of
Pittsburgh Chemistry Department.

1.

2.

10.

11.

12.
13.

References and Notes

H. Mishima, J. Ide, S. Muramatsu, and M. Ono, J. Antibiot. 36, 980 (1983); Y. Takiguchi, H.
Mishima, M. Okuda, M. Terao, A. Acki, and R. Fukuda, ibid., 33 1120 (1980); H. Mishima, M.
Kurabayashi, C. Tamura, S, Sato, H. Kuwano and A. Saito, Tetrahedron Lett., 711 (1975).

S. R. Schow, J. D. Bloom, A. S. Thompson, K. N. Winzenberg and A. B. Smith III, J. Am. Chem,
Soc. 104, 4015 (1982); D. R. Williams, B. A. Barner, K. Nishitani, and J.G. Phillips, 1b1d.,
104, 4708 (1982).

S. Hanessian, A. Ugolini, and M. Therien, J. Org. Chem. 48, 4427 (1983); P.Kocienski and S.
D. A. Street, J. Chem. Soc., Chem. Commun., 571 (1984); R. Baker, C. J. Swain and J. C. Head,
ibid., 309 (1985).

W. C. Campbell, M. H. Fisher, E. O. Stapley, G. Albers-Schonberg, and T. A. Jacob, Science,
221, 823 (1983).

M. Prashad and B. Fraser-Reid, J. Org. Chem. 50, 1564 (1985).

E. Baer and H. O. L. Fischer, J. Blol Chem. 128,463 (1939); K. E. MaloneyHuss, Syn. Commun.
15, 273 (1985).

Sulfone 2 was prepared from (ethylsulfonyl)benzene by metallation with n-BuLi followed by
alkylation with allyl bromide.

N. T. Anh, Top. Curr. Chem. 88, 145 (1980).

The chair—li_}?é transition state is supported by molecular mechanics calculations carried out
on six-membered ring forming INOC reactions. These calculations are being carried out in
collaboration with Professor K. Houk and Mr. F. Brown of the University of Pittsburgh., See:
F. K. Brown, Ph.D. Thesis, University of Pittsburgh, 1985.

S. H. Andersen, N. B. Das, R. D. Jorgensen, G. Kjeldsen, J. S. Knudsen, S. C. Sharma, and K.
B.G. Torssell, Acta Chem. Scand., Sec. B, B36, 1 {1982). The reduction of 7 proceeded at a
much faster rate (»2h) than reported for less substituted isoxazolines.

E. J. Corey, M. Narisada, T. Hiraoka, and R. A. Ellison, J. Am. Chem. Soc. 92, 396 (1970); E.
J Corey and I.Kuwajima, ibid., 92, 395 (1970).
(iorey and S. G. Pyne, Tetrahedron Lett. 24, 2821 (1983) and references therein.,

6a° H NMR (CDCl,) 67.87-7.47 (m,5 H), 5.00 (4,1 H,J = 4.5 Hz), 4.64-4.51 (m, 3 H), 4.06
(ad, 1 H, J= 8.0, §.0 Hz), 391 (d, 1 H, J = 4.5 Hz), 3.67—3.51 (m, 1 H, 3.32 (s, 3 H), 3.30
(s, i H), 235 (dd, 1 H, J=13.5,6.1 Hz), 2.00 (dd, 1 H, J = 13.5, 135 Hz), 1.58 (3, 3 H).
9: H NMR (CDC1,) 6 7.91-747 (m, 5 H), 5.21 (s, 1 H), 5.14 (br s, 1 H), 5.08 (br s, 1 H),
443 (m, 2 H), 4,27 (dd, 1 H, J = 104, 2.3 Hz), 4.5 (d, 1 H, J = 4.0 Hz), 4.00 (d, 1 H, J =
4.0 Hz), 366 (dd, L H, J = 10.4, 2.0 Hz), 330 (s, 3 H), 265 (dd, 1 H, J =133, 33 Hz),
1.74 (m, 2 H),1.54 (s, 3 H,0.9 (s,9H,0.12 (s,6 H.

(Received in USA 13 August 1985)



